Experimental Section
All materials were used as received from commercial sources.
Synthesis of square lattice (sql) coordination networks
{[Co(bipy) 2 (NCS) 2 ]•2TFT} n (sql-1-Co-NCS•2TFT) was prepared by solvent diffusion method. In a typical procedure, a mixture of 2.5 mL ethanol and 2.5 mL α,α,α-trifluorotoluene (TFT) was slowly layered over 4,4′-bipyridine (0.3 mmol, 46.8 mg) dissolved in 5mL TFT. A solution of Co(NCS) 2 (0.15 mmol, 26.3 mg) in 5mL ethanol was filtered first and then carefully layered over the ethanol/TFT layer. The solution was left undisturbed for a few days to yield red prismatic crystals (79.6 mg, 68 %). The crystals were collected by filtration and washed with TFT three times. Crystals can retain single crystallinity over months when removed from mother liquor.
[Co(bipy) 2 (NCS) 2 ] n (sql-1-Co-NCS) can be prepared by heating sql-1-Co-NCS•2TFT at 45 ºC overnight under vacuum. The prepared sql-1-Co-NCS still exhibits moderate single crystallinity that is enough for single crystal X-ray diffraction measurement.
{[Co(bipy) 2 (NCS) 2 ]•3CO 2 } n (sql-1-Co-NCS•3CO 2 ) can be formed within two hours by exposing sql-1-Co-NCS to CO 2 (195 K, 1 bar). sql-1-Co-NCS•3CO 2 can transform to sql-1-Co-NCS when kept under ambient conditions.
Structural Studies of square lattice (sql) coordination networks Single Crystal X-ray Diffraction
Suitable single crystals of all compounds were chosen for single crystal X-ray diffraction measurements. The data was collected on a Bruker D8 Quest diffractometer equipped with a IμS micro-focus Cu anode (λ = 1.54178 Å) and Photon II detector, or MoK α source (λ = 0.71073 Å) and Photon 100 detector. For low temperature measurements, open-flow nitrogen attachment from Oxford Cryosystem was used. In all cases, data was indexed, integrated and scaled in APEX3. 1 Absorption correction was performed by multi-scan method using SADABS. 2 Space groups were determined using XPREP 3 implemented in APEX3. Structures were solved using intrinsic phasing method (SHELXT) 4 and refined on F 2 using nonlinear least-squares techniques with SHELXL 5 contained in OLEX2 v1.2.8 programs packages 6 . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were located from the molecular geometry at idealized positions and assigned isotropic thermal parameters depending on the equivalent displacement parameters of their carriers.
Crystallographic data for the sql coordination networks are summarized in Table S1 . All crystal structures have been deposited with the Cambridge Crystallographic Data Centre (CCDC 1818652-1818654).
Synchrotron Powder X-ray Diffraction
Synchrotron powder X-ray diffraction data was obtained from beamline I11 at the Diamond Light Source (λ = 0.82525(10) Å and zero point = 0.001050(3)°). Powder sample sealed in a Φ=0.5 mm capillary tube was measured at 195K under vacuum using five seconds scan and positional scanning detector (PSD) as well as 120 seconds scan and multi-analysing crystal-detectors (MACs). After that, CO 2 (195K, 1 bar) was filled in the capillary tube and powder X-ray data (PXRD) was collected again, after sample stabilised, by using multianalysing crystal-detectors (MACs) and 1800 seconds exposure. The latter data set was used for structure solution and refinement of sql-1-Co-NCS•3CO 2 . Analysis of the powder data was carried out in GSAS-II; 7 the crystal structure of sql-1-Co-NCS was used as an original template. Lattice parameters were determined and structure factors obtained using the Pawley method. Atomic positions were found by the charge flipping method. The position for CO 2 guests could not be directly found and the number of guest molecules per unit could be determined by CO 2 sorption data. Crystallographic data is summarized in Table S2 and comparative patterns for the observed and calculated intensities including their differences are presented in Figure S1 .
Characterization and Property Studies of square lattice (sql) coordination networks Powder X-ray Diffraction
Powder X-ray diffraction experiments were conducted using microcrystalline samples on a Panalytical
Empyrean diffractometer (40 kV, 40 mA, Cu Kα 1 , 2 , λ = 1.5418 Å) in Bragg-Brentano geometry. A scan speed of 0.111747°/s (6.7°/min), with a step size of 0.026° in 2θ was used at room temperature with a range of 5°< 2θ < 40°.
Variable temperature Powder X-ray Diffraction (VT-PXRD)
For VT-PXRD experiments, reflections were collected on Panalytical X'Pert diffractometer (40 kV, 40 mA, Cu Kα 1 , 2 , λ = 1.5418 Å) at 10 ºC intervals from 30 to 210 ºC by heating at 1 ºC/min under N 2 atmosphere.
Water cooling system was adopted to control the temperature. Diffraction patterns were collected in the 2θ range of 5-40º.
Thermogravimetric Analysis (TGA)
TGA for all the compounds were carried out under N 2 atmosphere in a TA instruments Q50 thermal analyzer between room temperature and 550 °C with a constant heating rate of 10 ºC/min. 
Low Pressure Gas Adsorption Studies

High Pressure Gas Adsorption Studies
High pressure CO 2 isotherms of sql-1-Co-NCS were collected on a Micromeritics HPVA II-100 instrument at different temperatures (in the range 253K-298 K). Samples of sql-1-Co-NCS•2TFT were loaded into a tared stainless steel sample holder and degassed on Micromeritics Smart VacPrep instrument until the outgas rate was less than 0.003 mbar/min. The sample holder with degassed sample (ca. 300mg) was then transferred to the HPVA II-100, connected to the instrument's analysis port via an OCR fitting, and evacuated at room temperature for 1 hour before the measurements. Free spaces were determined at 0.7 bar Helium (He) and 25 °C . A background correction was performed by subtracting the adsorption of the empty cell from the obtained isotherms. Notably, the average CO 2 uptakes (127 cm 3 /g) are slightly lower than those collected at 195 K and 1 bar (136 cm 3 /g), may due to the relatively low precision of the HPVA equipment.
Recyclability Studies
The recyclability tests for sql-1-Co-NCS were also recorded using the Micromeritics HPVA II-100 instrument at 273 K. To optimize the time efficiency, 10 data points were set for each cycle that needs ca. 50 mins. Due to the limitation of the equipment, 100 cycles of CO 2 sorption isotherms were collected over 10 runs (10 cycles per run). Because every 10 cycles were collected continuously, i.e. the last data point of previous cycle is the starting data point of next cycle, the background undergoes a gradual increment which was subtracted for each cycle.
Vacuum Dynamic Vapor Sorption
Dynamic water vapor sorption measurements were conducted using a Surface Measurement Systems DVS Vacuum at 303 K. Samples of sql-1-Co-NCS were further degassed under high vacuum (2x10 -6 Torr) in-situ and stepwise increase in relative pressure were controlled by equilibrated weight changes of the sample (dM/dT = 0.006 %/min) from 0 to 90%. Vacuum pressure transducers were used with ability to measure from 1x10 -6 to 760 Torr with a resolution of 0.01%. Approximately 15 mg of sample was used for the experiment.
The mass of the sample was determined by comparison to an empty reference pan and recorded by a high resolution microbalance with a precision of 0.1 µg. Table S1 . Crystallographic data of square lattice (sql) coordination networks.
sql-1-Co-NCS•2TFT
sql-1-Co-NCS Table S2 . Crystallographic data of sql-1-Co-NCS•3CO 2 refined from synchrotron powder X-ray diffraction. Figure S1 . Synchrotron powder X-ray patterns for sql-1-Co-NCS•3CO 2 (black), the calculated pattern for the resolved structure (red), and a difference plot of the observed and calculated intensities (blue). Depending on Clausius-Clapeyron equation: ln /( (1/ )) = Δ / , where P is switching pressure, T is measurement temperature, R is gas constant, the linear fits for both branches of the sorption data are in excellent accord to lead us to their correlation equations: ln(P ga /bar) = -3152/T + 13.86; ln(P gd /bar) = -3141/T 
